The present study investigated the larval fish dispersal along an estuarine-ocean gradient to 2 explore connectivity between ocean and estuaries. During spring 2009, a combined ocean-3 estuarine survey was conducted along the Lima estuarine salinity gradient and in two transects off 4 the adjacent coast (NW Iberian Peninsula), until the 100m isobaths. Salinity, TPM, POM, TDC, DOC 5
populations is fundamental to establish marine species spatio-temporal dynamics and the links 27 between larval dispersal and supply, juvenile abundance, survival, and contribution to adult stocks 28 (Vasconcelos et al. 2011a ), has important applications for management and conservation of 29
ecosystems (Cowen and Sponaugle 2009). 30
Most marine fish species experience a planktonic larval phase during which they are vulnerable to 31 passive transport by currents or a combination of currents and swimming behavior that ends on 32 dispersing fish larvae through long distances from the initial spawning grounds. During this 33 dispersal phase, many environmental and biological features control larval survivorship, namely 34 the high mortality rates typical of this early development stage (Houde 2008 contribute to a rather complex environment which could be very challenging for early life stages 47 survival playing a role in dispersal, feeding conditions and exposure to predation (Relvas et al. 48 2007) . 49 Connectivity between ocean and estuaries is vital for fish species with complex life cycles, such as 50 migratory species and species dependent on coastal or estuarine habitats as nursery grounds 51 (Harris et al. 2001; Elliott et al. 2007 ). These species, whose adults inhabit marine environments, 52
have larvae or early juveniles that migrate to coastal or estuarine nursery grounds, where they 53 remain until they grow to subadult stages to later join the marine adult populations (Vasconcelos 54 et al. 2011b ). Assuring a good connectivity between the different habitats that a species uses 55 during its life-history is necessary to allow species to access resources (e.g. nursery habitat, food, 56 protection) (Teodósio et al. 2016) , promoting the resilience of that population and, consequently 57 of the entire ecosystem (Gawarkiewicz et al. 2007 ; Mumby and Hastings 2008) . Therefore, 58 management strategies would benefit from considering the continuum between all the habitats 59 used by the species, and that requires an understanding of the links between those habitats 60 D r a f t 4 (Wolanski 2016 ). In particular, considering fishes' connectivity it is essential to implement novel 61 management strategies as the ecosystem-based fisheries management. According to this strategy, 62 management focuses not only on the target species, but also contemplates the ecosystem (Pikitch 63 et al. 2004 ), considering ecological and biological features associated with the target species as 64 nursery grounds and temporarily fish habitats. 65
Larval dispersal is of crucial relevance not only to further perceive population dynamics of marine 66 fish populations, but also to help design and implement efficient management strategies to 67 protect fish species and marine ecosystems, nonetheless data on larval and juvenile dispersal of 
Study area 80
The present study investigated the dispersal of fish larvae along an estuarine-ocean gradient off 81 the NW Iberian Peninsula, located at the northern end of the Canary Current Coastal Province. As 82 for other eastern boundary current systems the regional oceanography is largely affected by the 83 seasonal migration of the trade wind belt that drives the seasonal upwelling which is most intense 84 Lima estuarine-ocean gradient were mapped using ArcGIS 10.2 (ESRI, Redlands, CA). To 157 characterize the spatial patterns of each environmental variable, continuous layer maps were 158 created using a deterministic method, the inverse distance weighting (IDW) interpolation. 159
The diversity of larval fish assemblages was expressed by the Shannon-Wiener index (Shannon 160 and Weaner 1963) and assemblage equitability was measured by Pielou's evenness index (J') 161 (Pielou 1966) . Each fish species were assigned to an ecological guild derived from estuarine use 
Results 183

Environmental conditions 184
The spatial salinity pattern clearly showed the horizontal salinity gradient along the estuary, with 185 salinity decreasing from the euhaline (>30) to the oligohaline range (<0.05) (Figure 2 ). Along the 186 study area, salinity of the water column ranged between 0.3 (uppermost estuarine station) and 187 35.8 (marine station), significantly decreasing from the oceanic stations towards inland stations 188 (H=12.3 p<0.01) ( Table 1 ). In contrast, the water temperature did not vary between the ocean and 189 estuary (Table 1) , and the minimum (11.1 °C) and maximum (13. 
Larval fish assemblages 209
A total of 1226 fish larvae collected during the study corresponding to 56 taxa identified, from 210 which 16 taxa were collected within the Lima estuary and 54 at the oceanic stations (Table A-211 supplementary data). A total of 14 taxa were spread along the estuarine-oceanic gradient (Table  212 2). There was a tendency for these common species to reach higher abundances at the ocean, 213
namely Clupeidae ni (ni -not identified) that was significantly more abundant at the ocean than at 214
Lima estuary (H= 10.7 p<0.01). In contrast, the common goby Pomatoschistus microps and 215
flounder Platichthys flesus were significantly more abundant at the Lima estuary (H= 8.6 p<0.01; 216 H= 9.7 p<0.01, respectively). 217
The total larval fish abundance varied along the gradient (Figure 4) , increasing from the upper 218 estuary towards offshore. Fish larvae were significantly (H= 7.0 p<0.01) more abundant at the 219 ocean (Table 2) The larval fish assemblages showed a tendency to include more species and became more diverse 226 from the upstream estuarine stations towards offshore (Figure 3 ). In fact, the Shannon Wienner 227 index as well as the species richness reached significantly higher values at marine stations than in 228 the Lima estuary (H= 10.7 p<0.01; H= 8.9 p<0.01, respectively) ( Table 2) . 229
From the 56 taxa identified, only six taxa were not assigned to an ecological guild, and 48% of the 230 taxa were classified as MS, 23% as MM and 18% as ES. The coastal larval fish assemblages included 231 five ecological guilds, but only three were observed in the Lima estuary, namely MS, MM and ES, 232 whose relative abundance varied between the Lima estuary and the sea ( Figure 5 ). The spatial 233 distribution of each of these functional groups showed that estuarine species (ES) were more 234 abundant within the Lima estuary, mainly in the saltmarsh zone (Figure 6 ), representing more than 235 75% of the assemblage. In fact, this group of species were significantly more abundant at the Lima 236 estuary than in the marine stations (H= 9.7 p<0.05). In contrast, marine straggler species (MS) that 237 were only observed in the lower section of the Lima estuary ( Figure 6 ) reached significantly higher 238 abundances in marine stations (H= 5.5 p<0.01). 239
The spatial distribution of estuarine dependent species (MM) showed that although these species 240 occurred along the gradient without significant differences between marine and estuarine stations 241 (H=0.55 p>0.05), they tended to concentrate in the middle and upper sections of the Lima estuary 242 (Figure 6 ). Focusing on the most abundant MM species that occurred along the gradient, the 243 spatial distribution showed that flounder abundance, gradually increased from offshore towards 244 the upper estuary (Figure 7) , where flounder reached significantly higher abundances (H= 9.7 245 p<0.01), overreaching 25 larvae 100m . On the other hand, sardines, Sardina pilchardus, were the 246 D r a f t 13 second most abundant MM species, and they were more abundant at the marine stations, and 247 were only present in small numbers in the lower sections of the Lima estuary (Figure 7) . 248 249
Environmental influence 250
Canonical correspondence analysis showed that species were distributed along the first two CCA 251 axes. The first CCA axis (eigenvalue = 0.6) and the second CCA axis (eigenvalue = 0.4) exhibited a 252 high species-environment correlation (0.9) and the effect of the environmental variables on 253 explained distribution of the CCA axes was significant (F= 1.5 p< 0.01, Monte Carlo permutation 254 test). According to the inter-set correlation coefficients chlorophyll a, nitrates and DOC were 255 positively related with first CCA axis, while depth, salinity, TPM and TDC were negatively 256 correlated with the first CCA axis (Table 3) . Ordination diagrams for the first two canonical correspondence axes of the canonical correspondence analysis: a) triplot between larval fish species, environmental variables and sampling stations (blue-ocean; green-estuarine); and b) biplot between environmental variables and larval fish species classified accordingly to their ecological guild classification in terms of estuarine use (green-estuarine species (ES); blue-marine stragglers (MS); and yellow-marine migrant species (MM). S-sanility; T-temperature; Depth-depth of the water column; TPM-total particulate matter; POM-particulates organic matter; TDC-total dissolved carbon; DOC-dissolved organic carbon (DOC); NH 4 -ammonium; NO 3 -nitrates; NO 2 -nitrites; PO 4 -phosphates; Chlachlorophyll a concentration. For species codes please see Table 2 and Table A 
